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Background: We observed previously that African American adolescents in Richmond 
reporting infrequent sexual activity had cytomegalovirus (CMV) seroprevalence rates one half 
that of their adult mothers and caregivers. We therefore sought to determine if sexually active 
African American adolescents have higher rates of CMV infection than sexually inactive African 
American adolescents. 

Methods: Cases (aged 13-18 years) sought care for a sexually transmitted infection (STI) or 
pregnancy. Controls were sexually inactive and matched to cases for age, race, and gender and 
enrolled at the same clinic as cases and sought medical treatment unrelated to an STI. Subjects 
completed a questionnaire, provided saliva for antibody testing, and were interviewed for 
determination of sexual activity. 

Results: Two groups of sexually active cases were enrolled. The first group had a diagnosis 
of an STI. In this group, both cases and matched controls were seropositive at a rate of 32% 
(7/22 for cases and 7/22 for controls). In the second group, cases self-reported an STI but 
objective evidence was lacking. In this group, cases were seropositive at a rate of 38% (six of 
16) compared with matched controls among whom 6.3% were seropositive (one in 16). The 
overall rate of seropositivity in all 38 cases was 34% compared with a rate of 21% for all controls 
(P=0.3, odds ratio 2.0, 95% confidence interval 0.6-7.5). 

Conclusion: Our results confirm lower rates of CMV infection among the current generation 
of African American adolescents compared with African American adults in Richmond, and 
suggest that this is not associated with sexual activity. 

Keywords: cytomegalovirus, sexually transmitted disease, adolescents, African Americans, 
seroprevalence 

Introduction 

Many studies report that African Americans have nearly twice the prevalence of 
cytomegalovirus (CMV) infection than that in age-matched and gender-matched 
Caucasians. 1-11 For example, a study of 1,898 pregnant women in Texas found race 
to be independently correlated with an increased rate of seropositivity 9 Among 
African Americans, 74.4% were seropositive for CMV compared with 46.3% for 
other races. Similarly, in Seattle, WA, USA, race was an independent risk factor for 
CMV seropositivity among women tested at a sexually transmitted disease clinic. 3 
Seropositivity ranged between 80%> and 100%, depending on the number of sexual 
partners. For teenage girls attending a contraceptive clinic, race was an independent 
risk factor for CMV seropositivity, with 89%> of African Americans testing seropositive 
for CMV 6 Another study reported that 86%> of urban African American girls of mean 
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age 14.5 (12-16) years were seropositive for CMV 5 This was 
significantly higher than findings observed among Caucasian 
girls of similar ages from the same city. These findings have 
also been confirmed in two large US population-based studies 
from 1 988 to 2004 where African Americans compared with 
Caucasians had higher seroprevalence rates at all ages. 1011 

We have also observed a high rate (80%) of CMV infec- 
tions among African American adults in Richmond VA, 
USA. 7 12 However, in Richmond we unexpectedly observed 
that African American children and adolescents had CMV 
seroprevalence rates one half that of their adult mothers and 
caregivers. The adolescents we observed reported infre- 
quent sexual activity. 12 Of the 62 adolescents enrolled six 
reported sexual activity, each with only one sexual partner, 
and all reported consistently using condoms. Based on this 
observation, we hypothesized that the greater than 50% 
decrease in the prevalence of CMV infection among the 
current generation of African American children and ado- 
lescents as compared with African American adults may be 
due to decreased sexual activity, increased condom use, or a 
reduced number of sexual partners during adolescence. 12 We 
therefore performed a matched case-control study to test the 
hypothesis that sexually active African American adolescents 
have higher rates of CMV infection than sexually inactive 
African American adolescents. 

Materials and methods 

The study was approved by the Virginia Commonwealth Uni- 
versity institutional review board. A waiver of consent was 
used for subjects aged 15-17 years who were unaccompanied 
seeking medical care associated with sexually transmitted 
infections (STIs), or withholding permission to contact 
their parent or legal guardian. A waiver of documentation 
of consent was used for 15-17-year-old subjects who were 
unaccompanied seeking medical care associated with STI, 
and gave permission to contact their parent or legal guardian 
who then gave verbal permission over the phone to proceed 
with the study. Eighteen-year-old subjects could consent 
for themselves, but without their parents could provide only 
limited socioeconomic data about their family. Consent was 
obtained to review the medical record to determine history 
or current diagnosis of an STI or pregnancy. 

Study population 

Cases were African American adolescents seeking care at 
the Children's Hospital of Richmond and were 13-18 years 
of age with a diagnosis or history of STI or pregnancy. 
Controls were sexually inactive and matched 1 : 1 with cases 



for age in years (average age difference between cases and 
controls was 5 months), race, and gender, and were enrolled 
from the same clinic while seeking medical treatment unre- 
lated to an STI or infection with an STI pathogen, such as 
herpes simplex. After obtaining consent, legal guardians 
completed a questionnaire that included information about 
parental education, medical insurance, family income, and 
age and number of siblings living in same household as the 
subject. Adolescents completed a separate questionnaire 
regarding sexual history, including current sexual activity, 
last sexual activity, first sexual activity, number of sexual 
partners, condom use, birth control use, history of STI and 
age of infection, prior or current pregnancies, and previous 
human immunodeficiency virus (HIV) testing. Subjects were 
recruited between 2010 and 2012. 

Laboratory methods 

After giving their assent, the adolescent subjects provided 
saliva samples by expectoration into collection tubes. Saliva 
was stored at -20°C. The serologic CMV status of subjects 
was determined using a salivary enzyme immunoassay to 
CMV gB antigen as previously described. 12-14 The salivary 
assay detects IgG to gB when serum neutralizing titers to 
CMV are > 1 :64 in the serum. The saliva assay was validated 
in a previous CMV seroprevalence study where the rate of 
seropositivity was identical to that previously detected using 
sera from African Americans in Richmond. 712 

Sample size calculations 

Based on prior studies, we assumed a CMV seroprevalence of 
80% in sexually active adolescents. This 80% rate has previously 
been reported by us for African American adults and is what has 
previously been reported for African Americans throughout the 
USA. 1 - 71112 We also observed previously a 40% seropositivity 
rate for sexually inactive adolescents. 12 A power analysis showed 
a sample size of 22 case-control pairs would have 85% power to 
detect a difference in proportions of 0.400 (80% seropositivity 
versus 40% seropositivity) when the proportion of discordant 
pairs is expected to be 0.500 and the method of analysis is a 
McNemar's test of equality of paired proportions with a 0.050 
two-sided significance level. We tested the null hypothesis, ie, 
that there was no difference in seropositivity rates between 
sexually active and sexually inactive subjects. 

Statistical analysis 

There were two groups of cases. Group 1 had a diagnosis 
and/or laboratory findings of syphilis, gonorrhea, chlamydia, 
herpes simplex virus, history of laboratory-diagnosed 



submit your manuscript | www.dovepress.com 
Dovepress 



Adolescent Health, Medicine and Therapeutics 20 1 4:5 



Dovepress 



CMV infection among sexually active adolescents 



pregnancy, human papillomavirus, bacterial vaginosis, or non- 
diagnostic laboratory findings of STI, a self-reported STI, or 
a pregnant partner plus reported sexual activity. Group 2 was 
sexually active by self-report only but without any diagnostic 
or nonspecific laboratory results to serve as objective criteria 
of sexual activity. Group 2 was included as a comparator to 
group 1 and to add statistical power if needed. 

P-values and odds ratios were calculated for charac- 
teristics including CMV serostatus, birth control use, and 
HIV testing between cases and matched controls using 
McNemar's test. Questionnaire responses were voluntary, 



so not all subjects provided complete responses. P-values for 
characteristics with incomplete responses (family income, 
medical insurance, parental education, and siblings at home) 
were calculated using Fisher's exact test. 

Results 

In total, 114 subjects were enrolled and of these, 38 cases 
were matched with 38 controls. The characteristics of the 
cases and controls are listed in Tables 1 and 2. 

For group 1, where cases had objective evidence of 
sexual activity, seven of 22 (32%) were seropositive for 



Table 1 Characteristics of cases and controls 


in group 1 * 








Characteristics 


Cases (%) 


Controls (%) 


P-value 


OR (95% CI) 


Subjects (n) 


22 


22 






CMV-seropositive (n) 


7 (3 1 .8) 


7 (3 1 .8) 


0.75 1 8 


1 .000 (0.230^1.345) 


Mean age (years ± SD) 


I7.3±l.3 


1 6.8+1 .3 


0.01 18 




Gender 










Males (n) 


4 (18.2) 


4 (18.2) 


ND 




Females (n) 


1 8 (8 1 .8) 


1 8 (8 1 .8) 


ND 




Currently sexually active (n) 


17 


0 


ND 




Last sexual activity (months i SD) 


3.2± 6 




ND 




Age at first sexual activity, years (mean SD) 


1 4.2±2 




ND 




Sexual partners (n) 










< | 


0 




ND 




1-2 


IS 




ND 




3-4 


2 




ND 




>4 


3 




ND 




Condom use 












0 




ND 




Jul 1 ICLI 1 1 ICo 


9 




ND 




Always 


1 1 




ND 




Using birth control (n) 


14 


6 


0.096 1 


3.333 (0.858-18.849) 


History of an STD (n) 


22 


0 


ND 




Age at first STD, years (mean ± SD) 


1 6.8+ 1 .6 




ND 




HIV tested (n) 


1 1 


1 


0.0094 


1 1.000 (1.599-473.475) 


Pregnant (n) 


3 


0 


ND 




Family income 










<$20,000 


6 


1 1 


0.6868 




$20,000-$40,000 


3 


3 


0.6618 




$40,000-$60,000 


2 


1 


0.5487 




$60,000-$80,000 


0 


1 


1.000 




Medical insurance 


12 


18 


1.000 




Parental education 










<High school 


0 


1 


1.000 




High school/GED 


1 1 


9 


0.045 


1 1 (1. 1-104) 


College 


1 


8 


0.0492 


8.8 (0.9-83) 


Siblings at home (n) 


5 


2 


0.2074 




Ages of siblings at home, years 


12 


19 


0.2074 




Siblings <S 


1 


1 


1.000 




Siblings 5-12 


5 


1 


0.3544 




Siblings >I2 


7 


S 


0.6424 





Notes: *Sexual activity defined by either specific laboratory findings (syphilis, gonorrhea, chlamydia, herpes simplex virus, pregnancy) or nonspecific laboratory findings 
(human papilloma virus, bacterial vaginosis, self-reported sexually transmitted infection, pregnant partner) and reported sexual activity. 

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; OR, odds ratio; SD, standard deviation; GED, General Educational Development; HIV, human 
immunodeficiency virus; STD, sexually transmitted disease; ND, not done. 
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Table 2 Characteristics of cases and controls in group 2* 



Characteristics 



Cases (%) 



Controls (%) 



P-value 



OR (95% CI) 



Total subjects (n) 
CMV-seropositive (n) 
Age, years (mean ± SD) 
Gender 

Male (n) 

Female (n) 
Currently sexually active (n) 
Last sexual activity (months ± SD) 
Age of first sexual activity, years (mean ± SD) 
Sexual partners (n) 

<l 

1-2 

3-4 

>4 

Condom use 

Never 

Sometimes 

Always 
Using birth control (n) 
History of an STD (n) 
Age at first STD, years (mean ± SD) 
HIV tested (n) 
Pregnant (n) 
Family income 

<$20,000 

$20,000-$40,000 

$40,000-$60,000 

$60,000-$80,000 
Medical insurance 
Parental education 
< High school 
High school/GED 
College 

Siblings at home (n) 
Ages of siblings at home 
Siblings <S years 
Siblings 5-12 years 



16 

6 (37.5) 
I5.4±l.3 

7 (43.8) 
9 (56.3) 
14 (87.5) 
3.6±3.9 
13.8+1.8 

0 
I I 
2 
3 

0 

3 

13 

8 

0 

6 

0 

5 

2 
I 

0 
12 

I 

8 
2 
I 

I I 
2 
3 
6 



16 

I (6.3) 
I5.3±l.4 

7 (43.8) 
9 (56.3) 



3 
0 
I 

0 

8 
5 
0 
2 
14 

I 

10 

4 

6 

8 

I 

3 
4 



0.0736 
0.249 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 

ND 

ND 

1.000 

ND 

0.1306 

ND 

1.000 

1.000 

0.3478 

0.5257 

1.000 

1.000 

1.000 

1.000 

0.0809 

0.0809 

1.000 

1.000 

1.000 



0.000 



0.500 (0.008-9.605) 
6.000 (0.728-275.986) 



Note: *Sexual activity defined by report of sexual activity only. 

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; OR, odds ratio; SD, standard deviation; 
immunodeficiency virus; STD, sexually transmitted disease; ND, not done. 



GED, General Educational Development; HIV, human 



CMV and seven of 22 controls were also positive. In group 2, 
where cases self-reported sexual activity, six of 16 (37.5%) 
cases were seropositive compared with one of 16 (6.3%) 
controls (.P=0.07). The overall rate of seropositivity for 
all 38 cases was 34% (13 of 38) compared with a rate of 
21% for all controls (P=0.3, odds ratio 2.0, 95% confidence 
interval 0.6-7.5). 

For group 1 , the mean age of cases was 17.3+1.3 years and 
that of controls was 16.8+1.3 years. Use of birth control, fam- 
ily income, having medical insurance, and number of siblings 
were not significantly different from controls (Table 1). Cases 
were more likely to have been tested for HIV and the parents of 
controls were more likely to have attended college (Table 1). 



For group 2, the mean age of cases was 15.4+1.3 years 
and that of controls was 15.3+1.4 years. Use of birth control, 
having been HIV-tested, family income, having medical insur- 
ance, parental education, and number of siblings in the house- 
hold was similar between cases and controls (Table 2). 

Discussion 

African American adolescents have been reported by oth- 
ers to have CMV seroprevalence rates of 46%-89%. 1-12 
While true in the past, our data from this study and a 
previous one (a longitudinal study across all age groups 
of African Americans) suggest that the current generation of 
African American adolescents have CMV infection rates of 
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only 22%-33%, which is less than half the 70% rate for their 
parents and caregivers. 12 In our previous study, we compared 
the socioeconomic characteristics of the African Americans 
in our Richmond study with those local, state-wide, and 
national rates and found them to be nearly identical. 12 This, 
plus the association reported elsewhere between CMV infec- 
tion and sexual activity suggested to us that a decrease in 
sexual activity among African American adolescents may be 
associated with a decrease in risk of CMV infection. Further, 
in our previous study, sexual activity was self-reported and 
there were no objective criteria for assessing sexual activ- 
ity among subjects in that study. 12 Therefore, in the present 
study, we focused on adolescents with objective and self- 
reported sexually activity and asked if this was associated 
with seroprevalence for CMV It was not. 

Our relatively small sample size was not a limitation. 
Our study was powered correctly using the estimates of 
seroprevalence we had previously observed using both 
serum-based and saliva-based assays. We tested the null 
hypothesis that there was no difference in seropositivity rates 
between sexually active and inactive subjects. We proved this 
hypothesis with an unequivocal result. With 85% statistical 
power, a larger sample size would not have changed this 
result. Enrolling further subjects could have confounded the 
results solely by chance. 

CMV is present in most secretions, including saliva, 
urine, breast milk, cervical fluids, and semen. While oral- 
mucosal transmission via saliva, urine, and breast milk are 
well documented, venereal transmission, while a reasonable 
hypothesis, has never been proven. A population-based 
study in the US conducted from 1988 to 1994 found an asso- 
ciation between sexual activity and CMV seroprevalence, 
particularly in African Americans. 1 Another study from the 
1980s reported that CMV seropositivity was associated with 
number of recent sex partners among women attending an 
STD clinic. 3 In 1992, an association between sexual activ- 
ity and CMV seropositivity among adolescent females was 
also reported. 6 

However, in a more recent study of 1,585 females aged 
12-17 years and enrolled between 2006 and 2010, sexual 
activity was not an independent predictor of the presence of 
CMV antibody. 4 In that study, being African American and 
household contact with a young child were the only indepen- 
dent predictors of CMV infection. Our study was also unable 
to demonstrate an association between sexual activity and 
CMV seroprevalence. Therefore, we could not attribute the 
lower CMV infection rate we had previously observed in 
African American adolescents to sexual activity. 



The importance of our observation is related to the fact 
that among women of child-bearing age between 40% and 
80% are susceptible (seronegative) to CMV at conception. In 
the USA, the rate of susceptibility has been lowest (<20%) 
among African Americans and Hispanics. A primary maternal 
infection with CMV in early pregnancy causes the majority 
of congenital disease. 15-17 Immunity induced by wild-type 
CMV infection affords women a high degree of protection 
against acquisition of a second CMV infection and protects 
the fetus from severe postnatal sensorineural deafness and 
neurologic damage. In nearly every epidemiologic study 
where measured, contact with a young child younger than 3 
years of age is the most important independent predictor for 
acquisition of CMV 2,4,9 This includes maternal acquisition of 
CMV during pregnancy and congenital infection. 2,18 Unfortu- 
nately, most studies reporting an association between CMV 
infection and sexual activity have not included contact with 
a young child in the home as an independent variable. ^A 8 - 10 ' 11 
Two studies have included both contact with young chil- 
dren and sexual activity as potential risk factors for CMV 
infection. 2 - 4 After adjusting for contact with a young child, 
one study found sexual activity was an independent risk factor 
for CMV infection and the other did not. Thus, it is possible 
that CMV is infrequently transmitted via the venereal route, 
and the observed association between CMV infection and 
sexually activity was not casual but rather confounded by 
the failure of previous studies to control for other routes of 
horizontal transmission. 

Contact with a young child is also a risk factor and predic- 
tor of fetal infection for those who are seronegative, young, 
poor, and predominantly African American. 219 One study 
monitored CMV seroconversion among 1 ,906 seronegative 
women attending a fertility clinic. 20 Seroconversion was 
associated with having contact with a child younger than 
3 years of age and with seropositivity of the sex partner. Since 
CMV is transmitted by young children with equal frequency 
to household mothers and fathers, this observation is not 
informative about spouse-to-spouse CMV transmission or 
transmission via the vaginal mucosal route. 

In conclusion, our results confirm lower rates of CMV 
infection among the current generation of African American 
adolescents in Richmond compared with their parents' gen- 
eration, and also show that this lower rate is not explained by 
differences in sexual activity. The lower CMV infection rate 
may be due to reduced contact with young children or even a 
reduced frequency and duration of breast feeding among cur- 
rent adolescents compared with their parents. If our observa- 
tions for Richmond reflect national trends, a large proportion 
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of the next generation of African American women will be 
susceptible to a primary CMV infection during pregnancy. 
Knowledge of risk factors for CMV infection will help with 
prevention strategies and targeting appropriate ages for a 
CMV vaccine. 
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